
Semi-,?mxml S ta tus  Report of Research Perf ormed under NASA Crant liGR-36- 
803-064 €or the Period June 1, 1065 Lo November 30, 2965. 

T h i s  grant  18 €or research i n  a general  f i e l d .  The work is being 

carried out i n  various problem areas and w i l l  be reported i n  t h a t  way 

1) S t a b i l i t y  of Two-Flsd Wlieel F h i e - - A  wheel flow gaseous nuclear 
LI 

rocket 1x3s teen proposed (€ward, NASA TN U-2351, 1965) wherein the heavy 

i5,sseous f i s s ionab le  material i n  the i n t e r i o r  is surrounded by a l i g h t  

:pas propellant. L.nergy transfer t o  t h e  propellant is liopefully by 

thermal radiation from t he  hot f i s s ioning  fluid. Sucli a configuration 

is however U115table t o  fnf in i tes imal  disturbances. Calculation of  the  

uffJ t i i  rates by Reshotko ar.d Pionnin (XASh Thr D-2696, 1965) for the ideal ized 

case of inv isc id  immiscible incompressible f l u i d s  y i e ld  the physical ly  

implausible r e s u l t  that f o r  large wave numbers ( m a l l  wavelengths) the  

growth ontee ccontfme t o  increase with bnereaefng uave number. It I s  

felt tSat the m a l l  .rravcIeagkh disturbances ahauld be damped due to 

vfacous disaipatfon.  

Two ~ I W ~ ~ P S ~ E  are in progress. The f i p s t  consfdete &he effect of 

vfsaosity on the growth rates of the  helical disturbances. The ana lys i s  

is being carried out by asymptotic technique. The eigenvalue problem 

hae bean fornulared and f i r s t  nuimrical ca lcu la t ions  are i n  process, The 

& t ~ ~ ~ n d  andy3io traatE: tne e f f e c t  of surface tension at the fuel-propellant 

i n t e r f ace .  

liquid ratate. 

effect of surface tenaion is t u  damp disturbances Raving larger than a 

This arianbysia is MOO& appropriate t o  a propel lant  io the 

It is chow t h a t  even in eha zbsence of v i s c o s i t y ,  $he 

crit ical  wave ntmbar. Fiere sneeiffcollv for dfarurbanccs of the form 
A .- 
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, damping occurs for . 

where k is the axial wave number, m is the azimuthal wave number, p 

be the density of the heavy fluid, a 

co;ttaBP, 5! is the angular velocity of the wheel flow and u is the 

surface tension. 

is the radiu8 of the heavy fluid 

The analyses w i l l  be extended to consider the combfnad effect of 

surface tsasioa and viscosiky. 

23 S t a b i l i t y  of Meqnetohydrodynamfc Configurations.-The disturbance 

cq.sations for %nsoEpressible parallel. flows in an eBectrisallg conducting 

fluid have been derived for flowing, current-carrying configurations. 

Thme oqustioner include effects of finite viscosity and resistivity and 

are opplPcabPe t o  channel flsws, boundary layer flows and sheet pinch 

configuratiene. With the a i d  of an energy relation, the results CBR be 

used OS determine the maciianisra of %nstability pertinent to each case. 

Reaulte for tho cas@ of p b U G  Poiaeuille flow with CQphRar 

Qkehterhsim and Rsohotk:,, magnetfe f i e l d  hawe j u s t  been reported. 

NASA TN D-3144, 1965). 

Kapololde number on the relative importaiace 05 the Maxwell stregses and 

J o u h  d i s a l p a t h n  as 

Tae next casos of interest are the sheet  pinch and accelerator or 

generator boundary layers. 

These show in d e m i l  the effect of magnetic 

a8 Rspolds atreso and viscour disoipation. 
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d i f fus ing  species. Diffusion due t o  pressure  grad ien t  is r e t a lned  s ince  

i t  becomes vclry Important i n  r o t a t i o n a l  flows. 

a t t s i n a b l e  i n  p r a c t i c e  is kept cons tan t ly  i n  mind. 

The l o w  seeding Concentration 

The consequential  

how conductivity is taken advantage of i n  the ana lys i s  in neglecting the  

induced aagne t i c  f i e l d .  It is planned t o  apply t h i s  general  formulation 

t o  apec f f i c  p r a c t i c a l  s i t ua t ions .  The one s i t u a t i o n  now under numerical 

studies is t h e  vortmc-type HGD generator. In the past ,  such 8 generator 

was always analyzed with the  assumption of uniform seeding concentration. 

In view of the rotation and the l a rge  molecular weight of t h e  seeding 

vapor, t h i s  assumption is far from realistic. A re-study under t h e  

present scheme would prove invaluable. The governing equations are 

a l ready  set up. 

of ehe study. 

A programmer w i l l  soon be engqged in t h e  numerical pa r t  

Other problems contemplated up to now are: Cooling of e lec t rodes  

by injecting seeded gas. Jet-mixing of seeded gas i n  a moving stream. 

Study of the l i nea r i zed  problem. All of these  problems have been under 

preliminary s tud ie s ,  and have been judged nos t  i n t e re s t ing .  It is q u i t e  

clear now t h a t  t h i s  study w i l l  warrant continued e f f o r t  i n  t h e  fu ture .  

2) Effect of Suspended Particles In a Fluid Flow.-- 

a) Compressible Rayleigh's problem with frozen solid 

p a r t i c l e s  and neg l ig ib l e  heat transfer.--It is  found t h a t  under c e r t a i n  

l i t d t i n g  values of various parameters, t h e  trolid p a r t i c l e s  become i n  

e f f e c t  frozen i n  space with neg l ig ib l e  heat t r a n s f e r  between the  p a r t i c l e s  

and the gas. 

solved asymptotically for  l a rge  time. 

has been used i n  the  so lu t ion .  

For such a case, the  comprcssibtc RayPeigh problem can be 

A K ~ ~ ~ - P o h l I i a u s e n - P i k e  technique 

Numerlcal work has been completed. A 

-rsl.'rdl2:?Cf'J63 :,.prt : r i E  5c sul;Ld.::cd ::cork. 
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b) Nomentun and t h e m 1  response of s o l i d  p a r t i c l e s  i n  

parallel flows.--Thio t a sk  belongs t Q  what %e usually called elementary 

problems. 

l i g h t  on t h e  Inner structures of t h e  phenomena under invea t iga t ion  without 

urdue labor. 

responses can be inves t iga ted  f o r  any values  of t h e  ve loc i ty  and 

temperature e q u i l i b r a t i o n  lengzha. 

It is taken up, because as usual, t hese  problems throw much 

I n  the  preaent case, it is to be e s p e c i a l l y  noted t h a t  t h e  

The problems t r ea t ed  i n  this t a s k  are: 

(I) Moxrntum or thermal roeepanae t o  a sudden ehannge of v e l o c i t y  

or te~;yeroture of an i n f i n i t e  flat w a l l .  

(i5) Tke-1 response i n  a d u g  flow i n  a channel, on en te r ing  a 

heated region. k % a %  condaactfon is not neglected. 

(55%) M O ~ W ~ ~ U E I  reeponae t o  an o s c i l l a t i u g  wall. 

&iv) 

All of these BTS s93vcd erre8rze5voly by s u i t a b l e  i n t e g r a l  transforms. 

Problem (Ai) is athacked by asp unusual app l i ca t ion  of the technique of 

hLegra1 Q~msforms suggestcad by P. C. Lu. Numerical work is now under 

way. Thio taak fa eor~fda.red essentially finished. A complete report 

ell be submitted later. 

Wmentum response t o  a oscillatfng pressure  gradient.  

111. HIGH-SPEED LUBRICATXON 

I) A Critical Review of High-Speed Lubrication Theory.-A review 

af the Ibterattsre on t h e  theory of hfgh speed lub r i can t  flows was completed, 

and the results of this eramay are being prepared for: publication. This 

work should prove useful in datemining the d i r e c t t o n  of f u t u r e  research 

efforts . 
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3 Velocity Diatr ibutdom in Journa l  Bearings a t  Moderate Reynolds 

---- Nabers.-A atudy of t he  laminar ve loc i ty  proflies f o r  i n f i n i t e ,  f u l l  

cyXgndrPca1 journal bearings at small e c c e n t r i c i t y  was made i n  which the  

m d i f i c d  or lubricatfon Reynolds number W ~ B  var ied  from its classica131y 

law value of order  to  10 . The r e s u l t s  of this study have been 

prepared for publication and ahould prove hslpfuf.  in m basic understanding 

of the t r a n s i t i o n  from low modified Reynolds number t o  moderate modified 

Repoldo  number flow regimes . 

2 

Presenkly, an eEfort  is being made t o  deternine t he  e f f e c t  of item 

2) a3me on the behavior of the flow i n  t h e  neighborhood of the  Teylor 

atcb l%ity  boundary. 

a 

IV. INTJEFAL PLOIJS 

3 An Equierianpular Tsans_fom and Its Ap~licat ians . - - In  ii search 

POY integral transforms useful i n  solving boundary value problems in an 

equilateral t r i angu la r  region, it ie found that a set of eigen-functions 

existe for the kielmholtz boundary value problem of the  ftmt kind. 

aaEs is orthogonal but not  complete. 

tidsnm set {$I eo sake it cenplete, an i n t e g r a l  transform, CaPPeO a= 

rqa2Wianrgufm~ transform, can be darvleed, 

large dazm of problems w i t h  zero boundary vaheo and c m s t a n t  dnhmogcneoua 

terns, $ha unknown @et ($1 doera not antor; azzd &be problems ore solvable 

by thPs transform i r s  earam of t h e  hm set only. 

The 

If we supplement it with the  still 

Pt i c s  then noted that fop a 
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The parts for an experfmcntal apparatus to study t h i s  s t a b i l i t y  

phexaorneglcn are arriving and the assembly should begin i n  February 1966. 

1. Effect of decreasLng maan flow vcrlocity on two-dimensional 

11 i ~ .  *...E. bLi~:n--ISk~ll flow. "he equations have bean formulated and calculations 

w i l l  b e  carried out bra the near future. 

2. Effect of Lorenta force on lamhar boundary layer development 

on &he electrode w a l l .  Tile epscffic objective here ita t o  inveetigake the 

3. Predictios of eurbulent fhw laa~es i n  MHD chan~els. Here 

enpeahento sd Moexpski (to be published) and those of Lykaudia and 

cowoakere inddeate that eatiofactory predietfone may be obtained w i t h  the 

aid of ordinary fr i skion factor correlations. Detailed calculations ape 

bn progreoa. 

EXTERNAL FLOWS v* ---*. 

AI- Raunda-er Dsv-eat About a Yawed Cone.--The laminar 

bemdary layer: about a circular cone i n  auparsonic flew at large paw angle 

heti? been mtudbed by F. K. Moare, Reshotko, B m k  and Cheng. These studies 

y i e l d e d  rasultpl ~pr ly  in the  plane of rrylaaetry and amre s p e c i f i c a l l y  on 

&k3;e windward s i d e .  The present study considers the boundary layer 

tlcvdopmant about the cone away Era the most windward streamline. 

Mth the tmtetltve assumption that at the angles of attack of 

irrtarcst, the streaxtubes entering tha boundary layer a l l  come through 
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1 
the  aost windward portion of the conical ehockwave, the boundary Isysr 

equations have bem formulated. "hay seem to admit of 8imifurity solutions. 
8 

A machine program im being formahtad to obtain the similarity uolutians. 

The romlts when obtained will be compared with the recent experinental 

data of Irocy at Caltrch. 

- 2) =r- Inareetivatiae ->--&-.-*- af -- Turhl.rrt=eadary Layers wi_t_h Transpiration.-- 

During t h e  reporting parid ,  prfaury attention war, focused on aeJ8mbly of 

Qhr high tempatature wind tunnel and installing the basic hstnumauQaatiaa. 

Zie former has now been urmentially accomplished, the latter is ~ t f l l  in 

Specifically a gas burner ring has bean fabricated 8nd i s m t i l l l e d  in 

&he p i p e  lesdfn8 to the aethling rank. A control syotm for ignition 

and entergamey ahut-off ha8 beme dculgned and cmponentr purchased. 

test sectflon with variable nozzle and f lexible  upper wall has been 

The 

asscanbled and its mechanicd operation ham been tasted. The entire piping 

It  is planned to complete low temperature calibration f w ~ s  before 

&ha end of Ureh 1965, follming Wtr%eh the entin tunnnl with  I t s  drive 

rs;bll be transferred to the Bbgham Building, pendhg conettuction of the 

new Engineering Building. 

A study of available urparirental data ha8 been caatinued i n  order 

Cs a i d  i n  the planntng of a rational program of experiwnta. 

of this otudp it has been decided to  invcatigslte i n i t i a l l y  the structure 

Ag3 a result 

~f incampresslblo boundary :;ayers with relatively high blowing rates and 

irrvorable greoaure gtadicntb. "inass SsndPLions w i l l  provide a rather severe 

east si the val idity and l i m i t s  of applicability of the  velocitiy d e f e c t  law. 


